Fracture healing can be accelerated by exposure to low-intensity pulsed ultrasound (LIPUS) in both animal fracture models and clinical trials 1),2),3) , but the mechanism of action has been unclear yet. The primary question addressed in this study was whether the accelerating action of LIPUS on fracture healing is based on the stimulation of a specific cellular reaction involved in the healing process.
femora were collected on day 25 after the fracture for histological evaluation. To observed the effect of LIPUS in progress on day 9 and day 17 after fracture, we sacrificed three rats in Ph-1 and in Ph-2 groups. To evaluate the bone bridging at the fracture site by use of a three-dimensional (3D) reconstruction technique, we took 50 tomograms extended on either side of the fracture line.
Results:
The torsional strength (maximum torque) of the femur treated by LIPUS was significantly higher than on the control side in all groups. The torsional strength of the femur treated by LIPUS in the T-group was higher than those in the Ph-1, Ph-2, or Ph-3 group. No significant differences in BMC in the area near the fracture site were observed between the LIPUS-treated side and the control side in any of the groups. The fracture line of the LIPUS-treated femur was bridged by new bone formation three-dimensionally in all groups. In contrast, bridging of the fracture site by new bone formation did not occur substantially in the control femur. Histological evaluations showed that early endochondral ossification on day 9, and late endochondral ossification on day 17 in the LIPUS-treated femur were greater than that in the control. Furthermore, more extensive bone bridging was observed in the LIPUS-treated femur than in the control femur in not only the T group but also the Ph-3 group on day 25.
Discussion:
Torsional strength of the femur was increased as a result of LIPUS treatment in all groups. This result suggests that partial LIPUStreatment is able to accelerate fracture healing regardless of its timing. Additionally, torsional strength in the T group was higher than those in the other three groups, probably because multiple reactions were accelerated by continuous treatment, and its effects were intensified. In the results for the multiple viewing from various angles of 3D-analysis, union and microstructure of trabecule in the fracture callus were advanced in LIPUS-treated femurs than in the control. This result demonstrates that LIPUS advances the onset of bone bridging in fracture healing. In the histological analysis, endochondral ossification was more advance in LIPUS-treated femurs on day 9 and 17 than in the control. Since a number of reactions occur before and/or during endochondral ossification, there are several indications of possibility that LIPUS stimulated several reactions in those stages. The partial LIPUS-treatment only in Ph-3 was effective in advancing endochondral ossification and bone remodeling. This results indicates that the stimulation of bone remodeling by LIPUS in the Ph-3 period contributes the accelerating effect LIPUS on fracture healing.
Conclusion:
Though we could not define the main target, we found out that LIPUS accelerated the rat femoral fracture healing regardless of the timing of LIPUS-treatment. LIPUS thus appears to act on various cellular reactions involved in the fracture healing process. 1) Duarte LR., et al. Arch.Orthop.Trauma Surg. 101: 153-159 (1983) 2) Wang SJ., et al. J.Orthop.Res. 12: 40-47 (1994) 
